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SUMMARY
Two California utilities, Southern California Edisoﬁ-and Pacific Gas
and Electric, have proposed coa14fired'power plants for construction,ino
California. Before such facilities can be buiIt.'they must meet air
quality requirements. In California, these requirements include those
established by the Environmental Protection Agency (EPA), the Air Resources

Board (ARB), and the Tocal air pollution control districts (APCDs).
Current EPA standards for coal-fired power plants are specified in the

New Source Performance Standards (NSPS) applicable to such plants. These
standards represent minimum contro) requirements and are applicable nation-
wide, .The staff has reviewed these standards as well as the actual permit
conditions set by [PA and believes they do not usually represent the best

available control technology.
Local districts' rew source review rules require the application of the

best available air pollution control technplogy on new major sources. In
reviewing the applications for coal-fired power plants, the district in
which the facility is being proposed must, therefore, make a determination

of what is the best available technology. In order to assist these agencies
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in the review process and to ensure consistent requirements, the staff

has developed proposed minimum guidelines for controlling emissions of

sulfur dioxide, oxides of nitrogen, and particulate matter from new coal-
fired power plants. These guidelines are being proposed as minimum
quidelines; more stringent requirements may be considered by the local

APCOs on a case-by-case basis.
In developing these guidelines, the staff has reviewed the work of EPA

and other research organizations, observed similar facilities in Japan,
rand conducted a workshop with the utilities, manufacturers and other state

and locai agencies.
The proposed minimum guidelines are: a 95 perceﬁt reduction of sulfur
dioxide (SO,) when the inlet concentration to the S0, control device
exceeds 300 ppm,and a proportionately lower percent reduction resulting
in an outlet concentration not to exceed 15 ppm when the inlet concentration

to the SO, control device -is equal to or less than 300 ppm; 0.005 grains

per acfual_cubic foot (gr/ACF) for particulate matter; and 0.45 pound per
million (1b/mm) Btu of heaf inpuf for oxides of nitrogen (NOX) below 50 per-
cent of rated capacity, and 0.09 1b/mm BTU of heat input at 50 percent,

and greater, of rated capacity. Guidelines for compliance determination

and emission monitoring are also specified.

Control technologies needed to achieve the proposed guideline levels are
readily available today. These include combustion modifications and ammonia-
based flue gas treatmert for 10,,» flue gas desulfurization for SO, and 2

baghouse for particulate matter.

i1
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The capital cost of installing the control equipment necessary to achieve

the proposed emission levels ranges from $42 to $66/kw for N0, controls (in
addition to combustion modifications), approximately $34/kw for particulate
matter controls, and $96 to $179/kw for S0, controls. Based on a total
coal-fired power plant capital cost of $1175 to $1357/kw, the control equip-
ment.accounts for 15 to 21 percent_of the total capital cost.

The levelized cost of installing the control equipment necessary to achieve
theyproposed emission levels ranges from 4.4 to 6.5 mills/kwh for NO, CON-
trols (in addition to combustion modifications), 1.0 to 2.0 mills/kwh for
particulate matter coﬁtrols, and 6.7 to 12.4 mills/kwh for 50 controls.
The sum of the control equipment levelized costs sh0u1$ represent Sowewnat

less than 15 to 21 percent of the total plant levelized cost. .
The staff has not. identified any significant adverse environmental or

other impacts that would result from installation of control equipment to

meet the emission limits recommended by these guidelines.
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deep reduction target in combination with combustion modifications.
According to Exxon, the result of that study is based on the use of

older technology, and recent advances in the DeNOx technology would

result in an increase in DeNOx performance of 10 to 20 percent over
the previous performance predictions.

Thi;'techno1ogy has not been demonstrated on a full-scale coal-
fired boiler. There is concern that the fly ash from coal firing

_ may deposit on interior grids, change gas flow patterns and tempera-
ture pr;f11es. and foul or erode injection nozzles.

Thermal DeNOx results in the emission of unreacted ammonia from
the stack, known as ammonia slip. Ammonia slip is estimated to be
about 50 ppm at an ammonia to NOx mole ratid of 1.5:1. Also, ammonia
reacts with sulfur trioxide in the flue gas to form ammonium bisul-
fate, which partially precipitates in the air preheater, and necessi-
tates occasional plant shutdowns (perhaps every six months) for air

preheater washing. Furthermore, Thermal DeNOx in utility boilers

is .generally only effective at high unit loads, with the efficiency

of NO reduction falling off sharply with load.

Tﬁe Selective Catalytic Reduction Process (SCR) is a commercial
process for reducing NOx emissions in a flue gas stream, No other
commercially available NOx reduction method can achieve the high
reductions in NOx that can be achieved by SCR with such certainty
and reliability. Its effectiveness is evidenced by its widespread
use on oil-and-gas-fired, large and small units in Japan. The

latest estimates indicate that there are approximately 100

LSOt B gt BB W T L

59

IP11 000598



commercial installations that use the SCR process to reduce NOx emis-
sions from gas-and-ofl-fired facilities (Ando, October 1980).

After successful application on oil and gas units to achieve
80-90 percent NOx emissions reductions, this process has been applied
to reduce NOx emissions from coal-fired utility boilers in Japan.

At the early stage of development for coal-fired units, the SCR
process encountered several technical and operational problems. How-
ever, hos: of the problems have Been solved, as demonstrated by ex-
tensive pilot scale testing (Itoh, et al, 1980; Wiener, et al, 1980;
Narita, et al, 1980; Aoki, et al, 1980; Sengoku, et al, 1980;

Leveré; et al, 1980; Nakabayashi, et al, 1980) as well as commercial
scale applications. These commercial scale applications are discussed
in deﬁai] later in this section. In addition, SCR has been planned
for many large coal-fired utility boilers in Japan (Table VII-5).

Published papers have identified major concerns regarding
operational and technical aﬁpects of using a selective catalytic“
reduction system on a coal-fired utility boiler. On the-other hand,

several papers indicate that many of these concerns have been re-

- solved and provide data and other relevant information gathered at

the pilot scale and commercial scale application of the SCR system.
(i) Concerns Regarding the Use of SCR
The major concerns regarding the operational and technical aspects
of using an SCR system can be separated into two categories. The
first, catalyst related, deals with catalyst life, catalyst activity,
catalyst erosion, catalyst blinding, catalyst resistance to contami-

nants in the flue gas, and the catalyst as a promoter of S0, to SO3
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Table VII-5

Planned SCR Installations Coal-Fired Units in Japan

Power Comoanyv

1/ Source:

2/ - Source:

- -

61

Power Company Station & Capacity Treated Planned
Unit with SCR, MW Completion
- 17
Electric Power Takehara 1'! 250 July 1981
v
Development Company}! Takehara 3‘/ 700 1983
Matsuura 1 1000 Unavailable
y |
2 1000 Unavailable
2/
i Chugoku Shin-ube 12 75 Sept. 1982
s 2/
. Electric Power Shin-ube 2 75 Sept. 1982
: 2/ '
\ Company Shin-uhe 3 156 Aug. 1982
1 P,
SZB Johan Joint Nakoso 8 600 Dec. 1982
Nakoso 9 600 Apr. 1983

Electric Power Develooment Company, April 1981

"Measures for NOx Abatement of Thermal Power Stations in'
- Japan”, Ministry of International Trade and Industry, April 1981
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oxidation. The second category, related to armonia. includes amnonia
control, ammonia carryover, and NH3/S03 byproduct formation and its
deposition on air preheaters.
a. Catalyst Related Concerns

The major concerns that have been identified relate to catalyst
life, activity, erosion, and blinding effect. Most of the catalysts
that have recently and are now being developed are based on titanium
dioxide (Ti0;) with vanadium pentoxide as the active component.
When these catalysts weré introduced for oil firing, the manufacturers
issued catalyst life guarantees of one year. Experience has shown
that commercial installations using orid catalysts for oil firing
have operated for two years without problems and without replacemant
of the original catalyst. As of April 1981, none of the commercial
SCR units have required a catalyst change. In the meantima, the 1life-
time guarantees f&r 0il firing have been extended to two years and
the actual lifetime is expected to be even longer. That illustrates
the pérformance and life of catalysts for oil-?ired applications.

Although only two coal-fired utility applications have been
in operation, those applications are achieving the design removal
efficiencies without any difficulty. Catalyst life from three to
five years is expected. »

One of the concerns that has been frequently expressed re-
lates to catalyst erosion attributed to fly ash. The catalyst that
are being developed for coal-fired applications are shaped like
a honeycomb, plate or pipe. The catalyst shape can be produced as

a ceramic or metal substrate coated with the catalyst material or

62

IP11 000601



«  vas a homogeneous form composed of purely catalyst material. The
homogeneous catalyst shape is softer and can be eroded by the fly

ash; however, the newiy exposed catalyst is still catalytically

active, and thus continues to perform. At the Shimonoseki power
plant application, a "dummy" spacer (that is, a honeycomb section
but with no active catalyst material in it) with the same shape as
that of the catalyst was placed on top of the first catalyst layer,
to maintain a uniform parallel gas flow and to prevent catalyst

-, erosion by fly ash. Examination of the catalyst below the dummy
lqyer shows no detectable erosion of the catalyst. The smooth opera-
tion of the SCR shows that this procedure apparently resolves the
problem. In addition; several process vendors have demonstrated
catalyst resistance to erosion of high grain loading flue gases.

Catalyst Llinding by dust (fly ash) is another concern that has

been expressed in the publishad papers. For an SCR system for coal-fired

applications, two separate equipment arrangements can be used. One

is called a "low dust” SCR system, in which the boiler flue gas is
first bassed through a hot-side electrostatic precipitator, and the
cleaned flue gas flows through the catalyst. The other arrangement
"is called a "high dust” SCR system, in which the boiler flue gas
flows through the catalyst without prior cleaning and the flue gas
then flows through gas cleaning equipment after the catalyst reactor.
Both the "low dust” and the "high dust" SCR systems have their ad-
vantages and disadvantages, which will be discussed in Chapter X.
Here, the discussion is limited to how these two systems influence

catalyst blinding.
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Tests have ;hown that in the case of the "low dust” systeﬁ,
although the dust content in the gas is small, the dust consists
of fine particles relatively rich in alkaline combOngnts and it
tends to stick on the catalyst surface. particularly at the inlet
face. This deposit of fine dust at the catalyst surface may cause
blinding of the catalyst. This problem does not occur with the
"high dust" system because the full ash load has a sandblasting
effe;t which cleans the catalyst surface. Recent tests in Japan
at the Nakoso plant, Joban Joint Power Co., and the demonstration
at Shimonoseki plant of Chugoku Electric Power Company support
the above conclusion (Ando, Ociober 1980).

In addition to the blinding of the catalyst by dust, it is
possible that the Eata1yst could be blinded by residual oil mist

carry-over. Manufacturers of catalyst systems in Japan reported

.to the NOx study team that forced carry-over of résidual oil mist

in pilot plant tests resulted in blinding of the catalyst, render-
ing the catalyst ineffective. Since residual oil might be used in
coal-firéd power plants during start-up, such a prob1em is of con-
cern. The Japanese manufacturers reported that blinding by oil
mist carry—err has not occurred in any of the demons tration or
commercial installations in Japan. Tests by manufacturers have
shown that the residual oil coating of the catalyst cannot be
removed by raising the temperature of the catalyst, although die-
sel 0il coating can be removed, and avoided in operation, by rais-
ing the temperature of the catalyst to 350° Centigrade (662°F).

It is possible that the residual oil mist coating could be removed
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if the catalyst were removed from the reactor and taken to a

cleaning site. It is also possible that a by-pass of the reactor
could be constructed, s0 that the reactor could be by-passed dur-
ing start-ups or upset conditions which could result in an ofl
mist carry-ove;i However, it is obvious that steps can and
should be taken in the operatinn of the power plant to avoid the

o

possib;lity ofﬁre514ual 0oil mist carry-over,

-
b,

Catalyst ability to resist all contaminants in the flue gas
is another concern that has been expressed. However, pilot plant
and commercial operation have shown that the catalyst can resist

. flue gas contaminants. For example, in one instance, the catalyst

was operated successfully for over 9,000 hours continuously at a
pilot scale coal-fired facility, and catalysts also have been in

operation at two commercial coal-fired utility boilers. Contami-

L

nants in the flue gas have not affected the catalyst performance

AT e e

up to April 1981 in those installations.

Ay

The oxidation of sulfur dioxide (SOz) to sulfur trioxide (S04)

[ 4
¥
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is increased by the catalyst. The catalysts that are now in use

W g >

afe-GShposed mainly to titanium dioxide (Ti0p) with a small amount
of vanadium‘pentOxide (V,05). The Vo0g oxidizes S0, to SO3. Sul-
fur trioxide can then react with ammonia (NH3) and lead to the for-
mation of amno&ium compounds that may deposit on the air preheater

and may also cause other environmental problems. To help correct
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this problem, new catalysts have been developed that suppress the

]
20

CLOdu;

oxidation of S0p to 503. Whereas the conventional catalyst could

oxidize 2 to 4 percent of the SO0, to 505, new catalysts have been
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developed that suppress the SO, to SO3 oxidation to less than 0.5

percent. Figure VII-6 shows the performance of a catalyst designed

to suppress SO, to S03 oxidation.

In summary, most of the concerns regarding the use of a catalyst

for coai-fired boiiers have been resoived. The biinding of the
catalyst by oil mist carry-over has never occurred in commercial
operation, and simple design techniques can preclude the possibility

of blinding. Furthermore, the SCR systems at the two commercial

a‘ ] s;a1e coa1-fired utility boiTers‘have been operating smoothly without
any problems. In fact, although the catalyst manufacturers guarantee
the life of the catalyst for one year, they expect the catalyst to
last for over two years (Ando, October, 1980; Nakabayashi, 1980).

b. Ammonia Related Concerns

Concerns other than those related to catalysts are ammonia con-

trol and air préheater plugging by ammonium bisulfate deposition.
The specific conéerns are anmonig breakthrough; availability and
re1iabi1ity of instruments to monitor ammonia breakthrOugh;,;nd air
preheater plugging.

Ammonia injection in an SCR system employs a feed forward control
based on a product of boiler load abd reactor inlet NOx concentrations,
and fine tuning supplied by feedback of the reactor outlet NOx con-
centration (Mobley, 1980; Joneg. 1981). A small part of the in-
jected ammonia does not react with NO and is carried out with the
flue gas. This is known as slip or breakthrough. Many nrefectures

in Japan require utilities to limit ammonia slip to less than 10

lot + oma ome

ppm and this has resulted in the utilities requiring the SCR manu-
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heater is restricted, and eventually the boiler must be shut down
so that the air preheater can be washed. The accumulation is much
more rapid in low dust systems than in high dust sytems because

in high dust systems the dust removes the deposits.

If the air preheater is modified-so'that the intermediate and
cold section elements are made into a continuous element, the de-
position is minimized since there are not element ends for bulbs
of deposits to form. Also, use of increased steam pressure and
temberature with a round nozzle soot blower (rather than flare
nozzle) at more frequent intervals reduces deposits. Finally,
raising the air preheater temperature for a short period of time
to above 500o C causes the ammonium Bisulfate to evaporate. Ad-
herence to these procedures, GladeIibs and EPDC officials report,
will eliminate the necéssity for air preheater washing at times
other than normal boiler outages for maintenance.

Operators of the Shimonoseki power plant (high dust system)
and the Tomato Atsuma power plant (low dust system) reported to
the NOx study team in April 1981 that air preheater plugging had
not occurred.

In conclusion, it is the staff's belief that SCR is a commer-

cially available technology for coal-fired boilers.

(i) Commercial SCR Units on Coal-Fired Utility Boilers in
Japan

3. Units in Operation

1. Shimonoseki Station Unit #1, Chugoku Electric
Power Company

One of the SCR systems in operation viewed by the NOx study’
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team was installed as a retrofit on 175 MW coal-fired boiler, Unit
#] at the Shimonoseki Station of the Chugoku Electric Power Company.
Unit 1 commenced operation in 1967 on coal and was switched to oil

in 1970. In May, 1980, the unit was switched back to coal. 1In order
to §witch to coal, the uiility had to reduce its overall NOx emis-
sions to less than 350 ppm, averaged over an hourly basis. The
utility decided to install an SCR system designed for 60 percent
reduction to comply with the HNOx emission limit. The details of

}he désign basis of the SCR system are shown in Table VII-6. A
;1cture of the reactor is shown in Figure VII-9.

The boiler #1 is a base load unit with a flue gas temperature
at the reactor of from 350 to 370°C at full load. The unit is
occasionally operated at 25 percent load, which results in a drop
in the reactor flue gas temperature to below 300°%. To raise
the temperature of the flue gas through the catalyst at 50 percent
load, an economizer bypass system is installled to maintain the’
flue gas at the desired temperature.

flow of flue gas through the reactor is downward to prevent
plugging and the reactor is eqﬁipped with soot blowers (the soot
blowers have not been used). High dust Taden flue gas is taken from
the economizer outlet and directed to the top inlet of the reactor
and returned to the inlet of thé air preheater. A "dummy" catalyst
layer is located upstream of tﬁe five'1ower catalyst layers to pre-
vent catalyst erosion by the fly gsh and guide the flue gases
through the reactor. A picture of the type of catalyst used in the

reactor is shown in Figure VII-10.
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To comply with the current regulation, a NH3/N0x mole ratio

of 0.51 is used, which reduced the NOx emission level by 507 from

500 ppm to 250 ppm. The observed ammonia slip and control efficien-
cies are shown previously in Figure (VII-7). Enough room has been
provided in the reactor for the addition of sufficient catalyst

ﬂ to provide a long-term NOx reducfion of 30%. The air oreheater had an
existing soot blower system on the cold side and was modified by
édding a soot blower on the hot side and by altering the inter-

mediate temperature elements. The hot side sootblower is now

operated four times a day and fhe cold side sootblower is operated
twice a day. Plugging of the air preheater by ammonium bisulfate
has nét occurred.
Plant operators are well satisfied with the SCR system. They
expect catalyst life to be more than three years.
2. Tomafo-At5uma Plant, Hokaido Electric Power Company
The NOx study team also visited a new 350 MW coal-fired boiler
at the Tomato Atsuma Power-P1ant of the Hokaido Electric Power Com-
pany. The local government required the NOx emissions from the new
‘unit to be reduced below 200 Nm3/hr (170 ppm at 6% 02, averaqge).

The overall NOx level is reduced .to below 200 ppm by using combus-

~
‘A

-~ tion modifications including staged combustion, flue gés recircu-
lation, and low NOx burners. In order to further‘reduce the over-
all mass emissions, one-fourth of the flue gas is treated through
an SCR system designed for 80 percent NOx removal.

The plant burns a low-sulfur coal (0.3% S). A hot-side

electrostatic precipitator is used to reduce the dust content to
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approximately 45 mg/Nm3. One fourth of the flue gas exiting frem

the hot ESP is directed to the SCR reactor. vAn economizer bypass

system has been insfa]led to maintain the flue gas in the reactor

at the desired temperature at low loads. -
“ The unit, with SCR, was started on July 15, 1980. By March

31, 1981 it had 5,270 operating hours. NOx removal efficiency

of the SCR system is 83% with ammonia s1ip of 2 ppm.

Tﬁe SCR is not operated below 50% load. No brob1em has been
en;ountered with air preheater plugging. However, the probability
of air preheater plugging is reduced because the flue gas exiting
from the SCR is diluted by re-entering the &uct containing the re-
maining three'QUarters of total flue gas flow. Soot blowers are
operated on thé‘air preheater three times per day. Soot blowers
have been installed in.the reactor but have not been used.

'g. Planned Units

"TheiJapanese have plans to use the SCR system on 2 number of

additional coal-fired units in the future. Some of these units are

already under construction. - As previously presented, Table VII-5

shows the details and the scheduled completion year. The planned
use of SCR underlines the confidence of the Japanese in the SCR
technology and its appiication to coal-fired utility boilers.
| (1i1) Commercial Availability in the U.S,

fhe SCR system is commercially available in the U.S. for large

coal-fired applications. The ARB staff, in December 1973, contacted

—a number of SCR process vendors to assess the availability of their

control system for PG&E's Fossil 1 and 2 coal-fired power plants
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c. then schedulad to start operation in 1986. Severa! process vefi-
dors reported that they were prepared to offer their system with

comercial guarantees (see Apcendix B). One of those process ven-

dors is Kawasaki Heavy Industries (KHI) which has sold an SCR unit
for a coal-fired pbwer plant in Japan. Another process vendor,
!HI=.is offering SCR units for coal application, and has also sold
an SCR uniE for a 600 MW coa!-fire& power plant in Japan.
(iv) Efficiency of NOx Reduction Using SCR

The_}CR process is capable of achieving up to 90 percent con-
trol. However, while most of the industrial boilers operating in
Japan are designed for NOx control in the 90 percent range, utility
boiler apb11cations commonly are designed for 80 percent control
because, for a BtbeTaféH“allowable ammonia stip, 80 percent NOx
control requires less cétalyst volume than 90 percent control. For
an SCR system, if maximﬁm ammonia sfip is to be maintained at less

than 5 ppm, to increase the NO, removal efficiency from 30 to 90 percent

would require a 35-57 percent increase in catalyst volume (Nakabayashi,
" et al., 1980). Since reactor and catalyst costs can contribute ;s much
as 30 to 40 percent of the total SCR system capital cosf. the overall capital
cost can be reduced by approximately 10 to 15 percent because of this
reduced requirement for catalyst alone. Also, there is an expected
reduction in operating cost because the catalyst will eventually have
to be're§1aced. Ammonia and energy consumption are also reduced for

30 percent control.

Figure VII-11 shows efficiency as a function of NH3/NOx mole
ratfio. According to this figure, about 10 percent less ammonia
would be required for 80 percent MOx control as compared to 90 per-

cent HOx control. The actual reduction in ammonia usage by indi-
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vidu2) units may vary slightly depending upon the design and other

operating variables of the SCR system. By reducing ammonia usage

to 80 percent, ammonia slip also may be reduced as shown on Figure
VII-11. The reduced ammonia slip, in turn, is expected to result
in reduced potential for ammonium bisulfate precipitation on the
air preheater. Reduced consumption of ammonia will probably re-

sult in a reduction in the requirement for carrier gas such as

-=.

- steam or air, and a smaller ammonia tank and vaporizer. .:fL
A Japanese consultant estimated the cost for installing an é

SCR system on a new coal-fired 700 MW utility boiler, operating _ ;
at a 70 percent cabacity'factor. The consultant estimated that é
cost for both 80 and 90 percent control efficiency, for a high dust %?

system and maintaining an ammonia breakthrough of between 5-10

.,

O e g 1
¢

ppm, and concluded that the total annualized cost for an SCR syste&

operating at 80 percent efficiency would be about 30 percent less

than for 90 percent control efficiency (Ando, October 1980).
. From the above considerations, the staff concludes that an

80 percent reduction is the appropriate limit for using an SCR

e v pmanafns s,

..

system for a coal-fired utility boiler.

-

3. Conclusion

Based on the above disucssion in this chapter, it can be
concluded that NOx emission levels of 0.35 lbs per million Btu
to 0.45 1bs per million Btu can be achieved by using combustion
modification techniques. This, coupled with a flue gas’treat- é

ment system, desiqgned for 80 percent emission reduction, would re-

- -

sult in NOx emission levels of 0.07 1b per miilion Btu to 0.09 1b

LYoy
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per million Btu. The ARS staff believes that the technologies

to achieve this range are currently available. The ARB staff

recommends that a NOx emission level of 0.09 1b per million Bty
shoqld be selected as a final emissfon control level. This will

ensure that the utility has operational flexibility, and it

will also allow, whenever possible, the utility to operate the

SCO system at less than 20 nercent contrnl af<ia iency. The staff
believes that the level of 0.09 1b per million Btu should app]y
between 50 percent and 100 percent of full load, and a level of
0.45 1b per million Btu, as a minimum, should apply below 50 per-
cent load.
WEITEETRITTS

In this section, the cost of the control technology to ach:eve
the proposed level of control is discussed. The proposed level of
control can be reached by using a combination of combustion modi-

fication techniques and an SCR system. The cost for combus tion

modification and for the SCR system are discussed below.

1. Cost of Combustion Modifications

The staff proposes that a leve] of 0.45 1bs per million Bty can

be achieved by using combustion modification techniques. B8ased

on discussion with boiler manufacturers and other consu1tan;s; the
staff believes that it ig very difficult to estimate the incre-
mental cost of NOx controls for a utility boiler without evaluating
the boiler design, type of fuel to be burned, and other site specific

information.

82

IP11 000613



